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Background: High added sugar intake is often associated with increased body weight and oral 
health problems. Despite media attention over the past few years, added sugar intake in adolescents 
was last assessed using the data from the New Zealand Adult Nutrition Survey (NZ ANS) 08/09.  
 
Objectives: The aim of this cross-sectional study was to investigate added sugar intake and food 
sources in adolescent boys enrolled in New Zealand (NZ) secondary schools. The data in this thesis 
formed part of a nationwide study, the Survey of Nutrition Dietary Assessment and Lifestyle 
(SuNDiAL) project.  
 
Design: Adolescent boys aged between 15 and 18-year-old enrolled in schools across NZ were 
recruited via in-school presentations. Once the participants consented, they were required to 
perform an online questionnaire asking their sociodemographic, health and dietary habits. 
Anthropometric measurements (height, weight, ulna length) and blood pressure were measured at 
schools. Dietary information was taken by performing two 24-hour dietary recalls (first was done 
in-person, second was done via phone/video call). Dietary data were entered into FoodWorks 9 
(Xyris Software Australia Pty Ltd). Multiple Source Method (MSM) was used to adjust for usual 
intake. Intakes of total sugar and individual sugars (glucose, fructose, lactose, sucrose) were 
reported. As added sugar variable was unavailable in the Foodfiles 2018 database, the amount of 
sucrose reported in this study was interpreted directly to be assumed added sugar. Natural sugar 






Results: The ethnicities distribution in this study was made up of 54.1% NZ European, 8.9% Maori, 
2.2% Pacific and 30.4% Asian. Approximately 32% of the boys were classified as overweight or 
obese. The mean (95% CI) intake of total and assumed added sugar were 100 (92, 108) g/d and 44 
(39.7, 48.3) g/d respectively. The top five contributing food sources of assumed added sugar were 
fruit; non-alcoholic beverages; sugar/sweets; cakes and muffins; biscuits. Most of the boys (99%) 
met the recommendation by the United States Department of Agriculture (USDA) of <10% of total 
energy intake from added sugar. When assumed added sugar was used in-place of free sugar, only 
about 4% of them met the conditional recommendation by the World Health Organization (WHO) 
of <5% of total energy intake from free sugar.  
 
Conclusion: Compared with the last nationally representative nutrition survey, there appears to be 
a reduction in total and added sugar (sucrose) consumption. The results should be cautiously 
interpreted given the limitations in measuring added sugar intake. There is also a shift of food 
sources of added sugar where intake of non-alcoholic beverages has reduced. However, education 
on food sources of added sugar should still be focused on future nutritional interventions. This 
inclusion of added sugar as a variable in New Zealand FoodFiles would also provide a more robust 
estimate of added sugar intakes in this demographic. Therefore, our data collected from a 
convenience, non-representative sample are suggestive, rather than being definitive, of added sugar 
intakes in adolescent boys. This uncertainty in intake warrants further research at a nationally 
representative level. A survey of adolescent attitudes to added sugar could help clarify shifts in 










The study was part of the Survey of Nutrition Dietary Assessment and Lifestyle (SuNDiAL) project 
to investigate dietary habits, behavioural factors, physical activity pattern and screen time habit of 
New Zealand adolescent males (15-18 years old). The study was administered by the Department 
of Human Nutrition of the University of Otago, Dunedin with the practical field work being 
undertaken in secondary schools around New Zealand by second year of Master of Dietetics 
students of 2020.  
Dr. Bernard Venn from the Department of Human Nutrition, University of Otago was the 
candidate’s (Chui San Sang) supervisor. Dr. Meredith Peddie and Dr Jill Haszard were the primary 
investigators who designed the study and obtained ethical approval. Tessa Scott was the project 
coordinator responsible for contacting the schools and allocating resources and equipment. Liz 
Fleming and Kirsten Webster supervised checking FoodWorks data. Dr Jill Haszard was the project 
biostatistician.   
The candidate was responsible for:  
- Presenting and promoting the project in Dunedin secondary schools.  
- Recruiting participants from the secondary schools. 
- Performing data collection which includes anthropometric measurement, blood pressure 
measurement, 24-hour dietary recall interviews and previous day activity recalls.  
- Organising appointment with a phlebotomist and participants, assisting the phlebotomist 
during blood sample collection. 
- Inputting 24-hour dietary recall data into FoodWorks for nutritional data analysis. 
- Analysing statistical data with the guidance from the candidate’s supervisor (Dr Bernard 
Venn) and the primary investigator (Dr Jill Haszard).  
v 
 
o  Interpreting sucrose reported in FoodWorks as assumed added sugar.  
o Calculating natural sugar variable by deducting the amount of assumed added sugar 
from total sugar.  
- Writing the thesis.  
 
The results are to be presented by the candidate at the SuNDiAL symposium after the submission 
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1. INTRODUCTION  
Sugar is an important dietary carbohydrate which provides energy for body functioning. Sugar is 
found naturally or added into food and beverages (U.S. Department of Health and Human Services 
and U.S. Department of Agriculture, 2015; Vos et al., 2017). Naturally occurring sugars are glucose, 
fructose and lactose found in fruit, vegetables and dairy products (Vos et al., 2017). Examples of 
added sugar found on packaged foods are dextrose, maltodextrin, corn syrup and fruit juice 
concentrates (Acton, Vanderlee, Hobin, & Hammond, 2017). Besides providing sweetness, sugar 
is used in food preservation and fermentation; provides textural properties in baking goods; 
improves food palatability; enhances food presentation through caramelisation (Goldfein & Slavin, 
2015).  
 Adolescents have the highest intake of added sugar among all age groups (Newens & 
Walton, 2016). In New Zealand Adult Nutrition Survey (NZ ANS) 08/09, the median total sugar 
intake (135 g) in adolescent boys aged between 15 and 18-year-old was the second highest among 
the surveyed age groups (University of Otago and Ministry of Health, 2011a). The main food 
sources of sugar were non-alcoholic beverages (29.1%), fruit (12.9%) and sugar/sweets (9.9%) 
(University of Otago and Ministry of Health, 2011a). Of the food sources, non-alcoholic beverages 
and sugar/sweets which contain mostly added sugar, contribute to high dietary sugar intake in 
adolescents’ diet.  
 In terms of dietary guidelines, the New Zealand Ministry of Health recommends preparing 
foods or choosing pre-prepared food, snacks and drinks that are low in sugar, especially added 
sugar (Ministry of Health, 2015). It is difficult for the public to compare their added sugar intake 
with the recommendation as no definite quantity is provided. The United States Department of 
Agriculture’s recommendation (USDA) of consuming added sugar less than 10% of total daily 
calories may be applicable in New Zealand’s context (U.S. Department of Health and Human 
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Services and U.S. Department of Agriculture, 2015). A further recommendation of less than 5% 
daily energy intake from free sugar has also been suggested by the World Health Organization 
(WHO) to prevent dental caries (World Health Organization (WHO), 2015). In NZ, the percentage 
of added sugar contributing to daily energy requirement among 15 to 18-year-old boys was 
estimated at 11.2% (Kibblewhite et al., 2017), exceeding the recommended intake level set by 
USDA and WHO (U.S. Department of Health and Human Services and U.S. Department of 
Agriculture, 2015; World Health Organization (WHO), 2015).  
 Increased dietary sugar consumption is associated with increased energy intake, which 
promotes weight gain (Te Morenga, Mallard, & Mann, 2013). Among the countries listed under 
the Organisation for Economic Co-operation and Development, 66.6% of NZ adults aged 15 years 
old and above experienced overweight or obesity, ranked the sixth highest obesity rate (OECD, 
2019). Tackling the risk of obesity in adolescence is important as it progresses into adulthood, 
leading to a range of comorbidities (Singh, Mulder, Twisk, Van Mechelen, & Chinapaw, 2008). 
Added sugar intake in adolescents, particularly from sugar-sweetened beverages (SSBs) has been 
a health concern (V. S. Malik, Schulze, & Hu, 2006; Vartanian, Schwartz, & Brownell, 2007). 
However, information on added sugar intake was not found in the NZ ANS 08/09 (University of 
Otago and Ministry of Health, 2011a). In addition, limited studies have been undertaken to 
investigate added sugar intake and the major food sources among adolescent boys in NZ.  
 The aim of the current study was to investigate added sugar intake in adolescent boys aged 






2. LITERATURE REVIEW  
This literature review emphasises the current knowledge on added and free sugar intake among 
adolescent boys. It aims to:  
- Provide an overview on sugar.  
- Review the latest dietary guidelines and recommendations on dietary sugar intake and the 
evidence. 
- Describe methods of estimating the amount of added and free sugar in foods.  
- Describe added and free sugar intake and the major food sources in adolescent boys.  
- Rationale for research on added and free sugar intake in adolescent boys. 
2.1 LITERATURE SEARCH METHODS  
Literature searches were done between September 2019 and March 2020 using electronic database 
Medline (Ovid), Scopus, PubMed, and Web of Science for articles in English. Keywords ‘sugar*’, 
‘dietary sucrose’, ‘sweetening agent*’, ‘intake’, ‘consumption’, ‘teen*’, ‘youth*’, ‘student*’, 
‘adolescent*’, ‘male*’ and ‘boy*’ were used. Further literature was searched from reference lists 
of the published articles. Books were used to collate information about metabolism of sugar in the 
body. World Wide Web was also utilised to search information about international 
recommendations on added or free sugar intake and definitions of sugars.  
2.2  OVERVIEW OF SUGAR 
Sugars are a type of dietary carbohydrates and energy source. Sugars are defined as available 
carbohydrate which can be utilised and metabolised in the body (Mann & Truswell, 2017). Table 





2.2.1 Definition of sugar  
Chemical composition  
Sugar can be defined based on its chemical composition which contains carbon, hydrogen, and 
oxygen (Sigman-Grant & Morita, 2003). It is categorised into monosaccharides, disaccharides, 
polysaccharides and polyols. Monosaccharides are the simplest and the most absorbable form of 
sugar in the body. The most common monosaccharides are glucose, fructose and galactose. 
Disaccharides are made up of two monosaccharides. Dietary disaccharides are sucrose (glucose 
and fructose), lactose (glucose and galactose) and maltose (two glucose molecules). 
Polysaccharides are known as complex carbohydrates, which are made up of more than three sugar 
molecules. Polyols are defined as sugar alcohols where oxygen atoms in a molecule are presented 
as hydroxyl groups (Mäkinen, 1994). Examples of naturally occurring sugar alcohols are xylitol, 
erythritol and sorbitol (Mäkinen, 1994).  
Common terms 
Sugar is commonly known as table sugar. This term creates confusion among consumers and 
healthcare professionals when the sources and amount of sugar consumption are compared to 
dietary recommendations (Hess, Latulippe, Ayoob, & Slavin, 2012). Table 2-1 shows the terms 









Table 2-1 Summary of different definitions of terms related to sugar 
Term  Definition  
Total sugar  Includes all naturally occurring sugar and any form of sugars that are added into food and beverages. It consists of 
monosaccharides and disaccharides, excluding polyols.a 
Added sugar  Sugar that is added into food and beverages during processing, preparing or adding over the table.b,c It excludes naturally 
occurring sugar present in milk and fruit.c This term is commonly used in the United States (US). Examples are brown sugar, 
cane sugar, turbinado sugar, and molasses.b 
Free sugar  Sugar that is added into food and beverages, as well as sugar present in honey, syrups, fruit juices and fruit juice concentrates.d 
In the United Kingdom, it includes any forms of sugar found in fruit and vegetables whose structure has been destroyed; sugar 
present in non-dairy based drinks; lactose and galactose added as food ingredients.e  
Intrinsic sugar  Sugar that is present naturally and is part of the cellular structure of food or beverages.e 
Non-milk extrinsic sugar  Sugar that is not attached as a cellular component of food.e The term has been commonly used in the United Kingdom but is 
currently being replaced by the term free sugar.e 
Naturally occurring sugar  Sugar present in intact whole fruit (fructose), vegetables (sucrose) and milk products (lactose).f It is commonly used in the US 
and has similar definition as intrinsic sugar.  
Sucrose  Commonly known as table sugar. It contains 50% glucose and 50% fructose.g 
Sugar-sweetened beverages (SSBs)  Liquids that are added with any forms of sweetener such as brown sugar, molasses, and corn sweetener. They are also defined 
as calorically sweetened beverages in the US.c 
High fructose corn syrup (HFCS) A liquid sweetener which is derived from corn starch. It contains primarily fructose and dextrose (glucose).h It is a type of added 
sugar which is commonly added into food products in the US.i  
 
aErickson & Slavin, 2015. bBowman, 2017. cU.S. Department of Health and Human Services and U.S. Department of Agriculture, 2015. dWorld Health Organization (WHO), 2015. eScientific 
Advisory Committee on Nutrition, 2015. fVos et al., 2017. gWhite, 2014. hBuck, 2001. iNg, Slining, & Popkin, 2012 . 
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As shown in Table 2-1, there is no uniform classification in defining different types of sugar across 
countries or organisations. In the New Zealand Adult Nutrition Survey (NZ ANS) 08/09, total sugar 
and sucrose were used to estimate the national intake of dietary sugar (University of Otago and 
Ministry of Health, 2011a). In the United States, data on added sugar intake among Americans was 
published in the National Health and Nutrition Examination Survey (NHANES) (Bowman SA, 
John C. Clemens, James E. Friday, Natalia Schroeder, & LaComb, 2019). On the other hand, sugar-
sweetened beverages (SSBs) were used to predict the health outcomes in reducing added sugar 
intake in intervention studies (Ebbeling et al., 2006; James, Thomas, Cavan, & Kerr, 2004). 
2.2.2 Digestion and metabolism of sugar  
Digestion  
Monosaccharides are readily absorbed in the body. Glucose and galactose are absorbed in the small 
intestine by active transport facilitated by sodium glucose cotransporter (Mann & Truswell, 2017; 
Sigman-Grant & Morita, 2003). Fructose is transported through the apical membrane by glucose 
transporter 5 via either active transport or facilitated diffusion (Ferraris, Choe, & Patel, 2018; 
Sigman-Grant & Morita, 2003). Glucose, galactose and majority of fructose exit enterocytes via 
glucose transporter 2 found on the basolateral membrane of liver hepatocytes (Ferraris et al., 2018).  
Disaccharides need to be hydrolysed into monosaccharides before being absorbed and 
metabolised in the body. Digestion of disaccharides happens with the aid of digestive enzymes 
found at the brush border of the small intestine (Mann & Truswell, 2017). Sucrose is hydrolysed 
by sucrase to yield glucose and fructose. Lactose is hydrolysed by lactase to obtain glucose and 
galactose. Maltose is hydrolysed by maltase into two glucose molecules.  
Polyols are absorbed by simple diffusion with no specific transport mechanism (Mann & 





Glucose can be either phosphorylated in the liver or remained in the bloodstream. Glucose will be 
transported to the brain, kidney, muscle cells and adipocytes (Sigman-Grant & Morita, 2003). 
Excess glucose will be stored in the liver and muscle as glycogen or converted into fat and stored 
in the adipocytes. On the other hand, galactose will be converted into glucose in the liver.  
In the liver, fructose is metabolised into glyceraldehyde and dihydroxyl acetone phosphate, 
which are intermediates in the glucose metabolism pathway (Sun & Empie, 2012). Some fructose 
is phosphorylated by ketohexokinase to maintain a lumen-to-cytosol gradient for fructose uptake 
into the small intestine (Ferraris et al., 2018). There is a hypothesis that fructose bypasses the rate 
controlling step by phosphofructokinase, promoting the production of very-low-density lipoprotein 
and triglyceride in the liver (Tappy & Le, 2010). Excess fructose intake facilitates production of 
fructose-1-phosphate, thereby enhancing adenosine triphosphate hydrolysis with a rise in 
adenosine monophosphate (Tappy & Le, 2010). Chronic catabolism of excess adenosine 
monophosphate results in uric acid formation and hyperuricaemia, a prerequisite for gout (Tappy 
& Le, 2010). 
2.2.3 Sources of sugar  








Table 2-2 Sources of different types of sugar 
Types of sugar  Sources  
Monosaccharides   
Glucose  - Fruita 
- Hydrolysis of starch, sucrose (cane or beet sugar), maltose and lactosea  
- Free sugar (dextrose)b 
Fructose  - Fruita 
- Honeya 
- Hydrolysis of cane or beet sugara 
- A component of high fructose corn syrup (HFCS) 
Galactose  - Milk and dairy products  
Disaccharides   
Sucrose  - Sugar cane, beets and sorghuma  
- Fruit and vegetablesa  
- Table sugar  
Maltose  - Sprouted wheat, barley, beera  
Lactose  - Milk and dairy productsa 
Polyols  - Fruit and vegetablesc 
- Mushroomc 
- Sugar-free confectionary productsc 
 
aBender & Mayes, 2018. bWhite, 2014. cRice, Zannini, K. Arendt, & Coffey, 2019.   
 
As shown in Table 2-2, sugar can either exist individually or present in a bounded state in food. 
For example, monosaccharides (e.g. glucose) can be found bounding with other sugars to form 
disaccharides (White, 2014). Glucose can also be found as a part of complex carbohydrates (White, 
2014). In an unbounded state, glucose and fructose are found in fruit, vegetables, and high fructose 
corn syrup (White, 2014).
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2.2.4 Health implications of excessive sugar intake  
In the NZ ANS 08/09, the main food source of sugar among New Zealand adolescents was sugar-
sweetened beverages (SSBs) (University of Otago and Ministry of Health, 2011a). About 38% of 
total added sugar intake in US adolescent boys was from regular soft drinks (Marriott, Olsho, 
Hadden, & Connor, 2010). The two major health indicators affected by an excessive intake of sugar 
are body mass index (BMI) and oral health.  
2.2.4.1 Body mass index (BMI) 
Among studies done in US adolescents, excessive intake of added sugar from SSBs has been linked 
to weight gain and increased BMI (Vasanti S. Malik, Pan, Willett, & Hu, 2013; V. S. Malik et al., 
2006). Studies have proposed to explore the relationship between SSBs and BMI, as well as the 
health outcomes of substituting SSBs with other beverages (de Ruyter, Olthof, Seidell, & Katan, 
2012; Vasanti S. Malik et al., 2013; V. S. Malik et al., 2006; Vartanian et al., 2007). 
Every additional serving of SSBs consumed by US adolescents each day was associated 
with an increased BMI of 0.06 kg/m2 (95% CI: 0.02, 0.10) per year (Vasanti S. Malik et al., 2013). 
It has been found that people do not compensate the additional energy obtained from SSBs with 
their daily calorie intake (Vartanian et al., 2007). Furthermore, excessive intake of added sugar 
from SSBs may stimulate people’s sweet preferences in other foods (Vartanian et al., 2007). When 
SSBs and other energy-dense food are consumed together, daily energy requirement is easily 
achieved or exceeded (Denney-Wilson, Crawford, Dobbins, Hardy, & Okely, 2009; French, Story, 
Neumark-Sztainer, Fulkerson, & Hannan, 2001). When sugary beverages were replaced with 
sugar-free beverages in children living in Amsterdam, the increase of BMI z-scores in the sugar-
free group was 0.02±0.41 units and 0.15±0.42 units in the sugar group with a significant difference 
of 0.13 units (p=0.001) (de Ruyter et al., 2012).   
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Although there is some evidence demonstrating a relationship between SSBs intake and 
BMI, it is inconclusive to make an association between excess SSBs intake and increased BMI in 
adolescents (Johnston & Foreyt, 2014). Obesity is a multifactorial disease, affected by individual 
behaviour, environment, socioeconomic status and genetic factors (Hruby & Hu, 2015). It is 
unrealistic to put the blame on a single nutrient from a specific food group without considering diet 
quality. Nevertheless, as SSBs are one of the main sources of added sugar in adolescents’ diet, 
reducing SSBs intake may help maintaining a healthy BMI (Johnston & Foreyt, 2014).  
2.2.4.2 Oral health  
In New Zealand, dental caries is a prominent oral health problem (Ministry of Health, 2010). Dental 
caries happens due to acid production resulting from the metabolism of dietary carbohydrate in the 
oral cavity by bacteria in the mouth (Touger-Decker & van Loveren, 2003). In addition to the 
amount of sugar consumed, the frequency of sugar consumption, physical form of sugar, oral 
hygiene and nutrient composition of food affect oral health (Touger-Decker & van Loveren, 2003). 
Food containing naturally occurring sugar has lower cariogenicity compared to food with 
added sugar (Great Britain Panel on Dietary Sugars, 1989; Sheiham, 2001). Dairy products contain 
calcium, phosphate and protein which promote remineralisation (Touger-Decker & van Loveren, 
2003). Conversely, sugar present in dried fruit and fruit juices has been suggested to cause dental 
caries (Liska, Kelley, & Mah, 2019; M. J. Sadler, 2016). The evidence was, however, inconclusive 
in adolescents (Liska et al., 2019; M. J. Sadler, 2016). It is proposed that the cellular structure of 
the fruit is broken down during the drying process, which releases sugar and easily diffuses into 
dental plaque (P. Moynihan & Petersen, 2004; Michele Jeanne Sadler et al., 2019). On the other 
hand, added sugar present in non-100% fruit juices and non-traditional dried fruits (e.g. candied 
dried fruit) may increase the availability of sugar in the oral cavity, promoting bacteria fermentation 
in the dental plaque (Liska et al., 2019; Michele Jeanne Sadler et al., 2019). Fermentation lowers 
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the pH in the oral cavity, leading to dental carries (Michele Jeanne Sadler et al., 2019). Likewise, 
added sugar in SSBs is readily available to be metabolised which leads to acid production and tooth 
demineralisation (Great Britain Panel on Dietary Sugars, 1989; Touger-Decker & van Loveren, 
2003). 
In a cross-sectional study of Australian adolescents, ‘toothache’ and ‘food avoidance due 
to oral health problems’ were chosen to measure oral health impacts (Hardy, Bell, Bauman, & 
Mihrshahi, 2018). They were linked with the occurrence of dental caries, a common oral disease 
in adolescents (Hardy et al., 2018). The adjusted odd ratios of consuming more than two cups of 
SSBs each day were 2.41 (95%CIs 1.11, 5.26) for toothache and 2.93 (95%CIs 1.48, 5,79) for food 
avoidance due to oral health problems (Hardy et al., 2018). In addition, a large amount of SSBs 
consumption in early life stage (from 6 weeks to 12 months) increases the risk of dental caries 
(1.53; p<0.02) (Levy, Warren, Broffitt, Hillis, & Kanellis, 2003). Dental caries in adulthood also 
occurs due to cumulative effects from long term consumption of SSBs and the increasing amount 
of SSBs consumption since young age (Heller, Burt, & Eklund, 2001).  
Hence, it is vital to reduce added sugar intake in the earlier age and practise good oral 
hygiene to decrease the likelihood of oral health problems (Johnston & Foreyt, 2014).   
2.3 RECOMMENDATIONS ON DIETARY SUGAR INTAKE  
There are various recommendations on dietary sugar intake set by organisations or countries as 
shown in Table 2-3. Most recommendations focus on added or free sugar intake. For example, 
added sugar is commonly used in the United States. Free sugar is used by the World Health 
Organization (WHO). Most of the recommendations are based on the percentage of total energy 
intake of an individual. However, the recommendation set by the Scientific Advisory Committee 
on Nutrition (SACN) is based on the total energy intake at the population level.  
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Table 2-3 Summary of recommendations on dietary sugar intake by various institutions 
Institution/Country  Recommendations Evidence 
World Health Organization 
(WHO)  
Strong recommendation: less than 10% of 
total energy intake from free sugars.a  
Low quality evidence is found between an increase of added sugar consumption 
and body weight. A systematic review shows a reduction in cases of dental caries 
when added sugar intake is less than 10% of total energy (moderate evidence).a 
 Conditional recommendation: less than 5% of 
total energy from free sugars.a 
Three national population studies (very low-quality evidence) show that a 
positive dose-response relationship between free sugar consumption and dental 
caries when the intake is less than 5% of total energy. b 
New Zealand  “Prepare foods or choose pre-prepared food, 
snacks and drinks that are low in sugar, 
especially added sugar.”c 
The recommendation is made based on 2010 American Dietary Guidelines, 2012 
Nordic Nutrition Review, 2013 Australian Dietary Guidelines and World Cancer 
Research Fund Report.c  
Australia  “Limit intake of foods and drinks containing 
added sugars.”d 
Increased or frequent added sugar intake is associated with increased possibility 
of having dental caries, especially in infants and young children (Grade C 
evidence).e  
United Kingdom  At population level, not more than 5% of total 
energy intake from free sugar (not exceeding 
30 g sugar per day).f  
It is calculated based on advice from the Calorie Reduction Expert Group to meet 
an average reduction in population energy intake from free sugars of 
100kcal/person/day.g Eleven randomised controlled trials show that there is a 
variation of approximately 19 kcal in energy intake for each unit change in 
percentage energy consumed as sugars.f 
United States  Added sugar intake should be less than 10% of 
calories per day.h  
It is made based on food pattern modelling and national data on calories from 
added sugar intake. It aims to restrict energy from added sugars while meeting 
the major food groups and nutritional needs within calorie limits. There is a 
relationship between added sugar intake and dental caries in children and adults 
(moderate evidence). h 
Institute of Medicine (IOM) Maximum intake level of 25% or less of 
energy from added sugar.i 
Foods with added sugar are usually energy dense and nutrient poor. Added sugar 
intake of more than 25% of energy displaces the food intake that contains 
essential micronutrients.i  
 
aWorld Health Organization (WHO), 2015. bP. J. Moynihan & Kelly, 2014. cMinistry of Health, 2015. dNational Health and Medical Research Council, 2013. eNational Health and Medical 
Research Council, 2011. fPublic Health England, 2015. gCalorie Reduction Expert Group, 2011. hU.S. Department of Health and Human Services and U.S. Department of Agriculture, 2015 . 
iInstitute of Medicine, 2005.  
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When comparing the dietary sugar recommendations in different countries and organisations, most 
of them are presented with definite percentages of sugar intake to total energy requirement. The 
recommendations in New Zealand and Australia are advisory and subject to interpretation. They 
do not quantify an appropriate amount of added sugar that can be consumed in a healthy diet.  
2.4 METHODOLOGY OF MEASURING ADDED AND FREE 
SUGAR IN FOOD  
A 10-step systematic method was proposed to estimate the added sugar content in foods (J. C. Y. 
Louie et al., 2015). It involves objective decisions for the first six steps and subjective decisions 
for the last four steps. Initially, food was categorised based on the presence of total sugar, and 
further classified into added sugar, naturally occurring sugar or artificially sweetened food groups 
(J. C. Y. Louie et al., 2015). If the food contained minimal naturally occurring sugar, the amount 
of total sugar in the food would be assigned as 100% added sugar (J. C. Y. Louie et al., 2015). The 
flowchart of the 10-step methodology for estimating added sugar is attached as Appendix A. 
In some countries, added and free sugar in food are estimated through their own food 
composition databases (Australian Bureau of Statistics, 2016; Public Health England, 2018), 
standard recipes, information on packaging and information from manufactures’ websites (Sluik, 
van Lee, Engelen, & Feskens, 2016). When the information is unavailable, the amount of added 
sugar is calculated by deducting the amount of naturally occurring sugar from the amount of total 
sugar with a similar unsweetened product (Sluik et al., 2016).  
Nonetheless, subjective decisions are unavoidable in determining the amount of added 
sugar in food via standard recipes (Birdem Amoutzopoulos et al., 2018; Jimmy Chun Yu Louie, 
Lei, & Rangan, 2016). Different food composition databases, the unavailability of recipes or 
formulation from the packaged food products, varied data analysis methods (e.g. analytical data vs 
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recipe-based approach) invite additional challenges in examining the amount of added sugar in 
food (Jimmy Chun Yu Louie et al., 2016). 
2.5 ADDED AND FREE SUGAR INTAKE AND THE MAJOR 
FOOD SOURCES IN ADOLESCENT BOYS 
An adolescent is defined as a person aged between 10 and 19-year-old (World Health Organization 
(WHO), 2001). Table 2-4 reports the summary of added and free sugar intake of adolescents and 
the primary food source of those sugars in some countries.  
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Table 2-4 Summary of added and free sugar intake and the main food source in adolescent boys (unless specified) 




Assessment method Outcome Percentage 








270 males from the 
National Diet and 
Nutrition Survey 
(NDNS) 2014–2016 
11-18  Four day estimated food 
diary  
Median intake of added sugar: 50.5 g/d  
Median intake of free sugar: 62.9 g/d  
 
Non-alcoholic beverages (33.2%) cereal 
and cereal products (29.4%); sugar 
preserves, confectionary (22.3%); and 
biscuits, buns, cakes, pastries, fruit pies 
(18.2%) were major sources of free 
sugar.  
Added sugar 11%  
Free sugar 13% 









United States  1196 males and 
females  
12-19  Two 24-hour dietary 
recalls  
Mean intake of added sugar: 76.9 g  
 
Sweetened beverages (36.5%); sweet 
bakery products (14.2%); candy (7.7%); 
sweetened tea (7.5%); ready-to-eat 
cereals (6.4%); frozen dairy desserts and 
pudding (5.5%) were major sources of 
added sugar.  
Added sugar 13.7%a 




743 males from 
HELENA study  
14.75  Two 24-hour dietary 
recalls  
Mean intake of free sugar: 123.9 g/d  
 
Carbonated/soft drinks, fruit and 
vegetable juice (26%); confectionary non-
chocolate (13.5%); sugar, honey, jam and 
syrup (13.3%) were the major sources of 
free sugar.  


















New Zealand  326 males  15-18 One 24-hour dietary 
recall, with 25 % of 
participants performed a 
second 24-hour dietary 
recall   
Median intake of added sugar: 73.3 g/d  
Median intake of free sugar: 85.6 g/d  
 
Major food sources of added and free 
sugar were not reported.  
Added sugar 11.2%  
Free sugar 13.0%  
Sluik et al., 
2016 




14-18 Two 24-hour dietary 
recalls by phone using 
EPIC-SOFT 
Median intake of added sugar: 100 g/d 
Median intake of free sugar: 113 g/d  
 
Non-alcoholic beverages (40.3%), sweets 
and candy (32.9%), dairy products 
(11.1%), cake and cookies (9%) were 
major sources of free sugar.  
Added sugar 16.3%c 









14-18 One 24-hour dietary recall  Mean intake of free sugar: 92g  
 
Soft drinks, sport and energy drinks 
(35%) were the major source of free 
sugar.  
Free sugar 11.5%d 
g/d= gram/day, TE= total energy 
 
aOnly males’ data were included. bTen cities were Athens, Heraklion (Greece), Dortmund (Germany), Ghent (Belgium), Lille (France), Pécs (Hungary), Rome (Italy), Stockholm (Sweden), 
Vienna (Austria), and Zaragoza (Spain). cFemales were included. dTotal energy was based on moderately active energy requirement (average of energy between 14 and 18-year-old) based 
on Nutrient Reference Values for Australia and New Zealand (National Health and Medical Research Council, Australian Government Department of Health and Ageing, & New Zealand 









Different amount of added and free sugar intakes is reported in Table 2-4, ranging from a 
median added sugar intake of 50.5 g/d in UK to a median free sugar intake of 123.9 g/d in the 
European Union. Free sugar intake is higher than added sugar intake because it includes honey, 
syrups, fruit juices and fruit concentrates in addition to added sugar (B. Amoutzopoulos et al., 2020; 
World Health Organization (WHO), 2015). On the other hand, added sugar intakes as a proportion 
of total daily energy intake range from 11% in UK to 16.3% in the Netherlands.  
Compared to global population, NZ adolescent boys consumed a smaller amount of added 
sugar than adolescent boys living in the Netherlands and US, but a greater amount than UK 
adolescent boys. For free sugar, NZ adolescent boys consumed a higher amount than UK 
adolescent boys, but a lesser amount than boys residing in US, the Netherlands, Australia and the 
European Union.  
The differences of added and free sugar intake may be explained by different food 
consumption patterns and energy density (Crowe, Fontaine, Gibbons, Cameron-Smith, & 
Swinburn, 2004). For instance, on average, the Dutch drink four glasses of soft drinks a day for 
four days of a week (National Institute for Public Health and the Environment, 2017). If a high 
volume of SSBs is consumed, SSBs can be a significant source of energy and sugar due to lesser 
satiety impact compared to solid food (Crowe et al., 2004; DiMeglio & Mattes, 2000; Hollis, 2016).  
Studies included in this literature review were part of the nationally representative surveys, 
which are likely to be a representative of the adolescent population in the countries. 24-hour dietary 
recalls were used in the studies, excluding UK, allowing comparison to be made with our study. 
Inversely, the surveyed age ranges were differed across studies, with only the NZ study similar to 




2.6 RATIONALE FOR RESEARCH  
There is a lack of information on the current added and free sugar intake and their food sources 
among NZ adolescent boys. Additionally, added and free sugar intakes were not reported in the 
latest NZ ANS 08/09 (University of Otago and Ministry of Health, 2011a). Obtaining data on free 
sugar intake is important as the WHO recommends daily intake of free sugar to not exceed 10% of 
daily energy requirement (World Health Organization (WHO), 2015). Quantifying free sugar 
intake of adolescent boys would enable a direct comparison to be made between NZ data and 
WHO’s recommendation. This will encourage prevention of oral health problems and maintenance 
of a healthy BMI starting in adolescence.  
Quantifying intake and identifying food sources in adolescent boys may assist the public 
health agencies to tackle issues related to added and free sugar intake. For example, an ongoing 
New Zealand’s health policy, 'water-only school’ aims to prevent dental caries and reduce the 
intake of SSBs among school students (MidCentral District Health Board). Likewise, 
understanding added and free sugar intake as well as food sources may provide insights for tax 

















3. OBJECTIVE STATEMENT  
The aim of the study was to investigate added sugar intake in adolescent boys aged between 15 and 
18 years enrolled in New Zealand secondary schools.  
 
The study objectives were:  
- To collect dietary data on total and added sugar intake in adolescent boys using 24-hour 
dietary recalls.  
- To determine the major food sources of added sugar in adolescent boys. 




























4. METHODS  
Data collection was performed from February to April 2020. The candidate and other Master of 
Dietetics students (data collectors) collected data in secondary schools in Auckland, Tauranga, 
Wellington, Christchurch and Dunedin. Six secondary schools participated in the study and 135 
adolescent boys were recruited. This study was approved by the University of Otago Human 
Research Ethics Committee (H20/004) (Appendix B). Maori consultation was sent to Ngai Tahu 
Research Consultation Committee (Appendix C). The study was funded by the University of 
Otago Department of Human Nutrition and Lottery Health Research Grant. The study was 
registered with the Australian New Zealand Clinical Trials Registry: ACTRN12620000185965. 
4.1 STUDY DESIGN  
The Survey of Nutrition Dietary Assessment and Lifestyle (SuNDiAL) project is a 2-year cross-
sectional study of New Zealand adolescent girls in 2019 and adolescent boys in 2020. This study 
aims to find out the nutrition and health status; dietary habits; attitude and food choice motivations; 
24-hour activity patterns; and screen time habits in adolescents.  
In this study, participants’ weight, height, ulna length, and blood pressure were measured 
during a school visit. They were required to perform a 24-hour dietary recall and a previous day 
activity recall on the school visit. In addition, they were contacted outside of school hours to 
perform a second 24-hour dietary recall and a second previous day activity recall. They were 
required to wear an accelerometer for 24 hours for seven days. Blood and urine samples were taken 
from the participants. Additionally, they were asked to complete an online questionnaire at their 




In this thesis, detailed information on the online questionnaire which covered questions on 
sociodemographic measures and health information will be presented. Information on 
anthropometric measurements (weight and height) and 24-hour dietary recalls will also be 
presented.   
4.2 ELIGIBILITY CRITERIA  
The eligibility criteria of the participants were listed as below.  
- Male  
- Between 15 and 18-year-old  
- Enroll in one of the recruited secondary schools  
- Speak and understand English; able to complete the online questionnaire 
4.3 RECRUITMENT PROCESS  
4.3.1 School recruitment  
Invitation emails were sent to secondary schools in the targeted areas. The emails included brief 
information and contact details of the study coordinators as well as an online link 
(www.otago.ac.nz/sundial) to the study website. Once the school had agreed to participate, the 
school representative provided a written consent. This allowed data collectors to collect data in the 
school with formal permission.  
4.3.2 Participant recruitment  
Time was scheduled for data collectors to give a presentation at the school assembly and recruit 
any interested male secondary school students. The presentation slides are attached as Appendix 
D. After the presentation, interested students were asked to fill in their name, contact details and 
email address on a sign-up sheet. Alternatively, they could visit the study website for more 
information as well as input their personal and contact details. Data collectors provided a copy of 
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participant information sheet for the school to be included in the school newsletter. The participant 
information sheet is attached as Appendix E. 
An email containing a link (an electronic consent and a questionnaire) was sent to potential 
participants. If the participant was under 16-year-old, an online parental consent was required 
before participating in the study.  
4.4 STUDY PROCEDURE  
The electronic consent and online questionnaire were done via REDCap (Harris et al., 2019; Harris 
et al., 2009). The participant was required to enter his name, date of birth and current secondary 
school before answering the online questionnaire.  
4.4.1 Online questionnaire   
The questionnaire included questions about demographic and health information; dietary habits; 
weight loss intention and methods; as well as attitudes and food choice motivations. It took 
approximately 30 minutes for the participant to complete the questionnaire. Questions that are 
related to this thesis are attached as Appendix F. 
Socio-demographic measures  
The questions included are age, ethnicity and home address. The participant’s age was 
automatically calculated based on his date of birth and the date when he completed the 
questionnaire. Different options of ethnicities were given for the participant to identify himself. 
The ethnicities were prioritised following the order Maori, Pacific, Asian and New Zealand 
European and others, based on the 2006 New Zealand census question (Statistics New Zealand, 
2017). The household deprivation decile was determined based on home address using the New 





Health information  
The following five questions were asked, each requiring a “yes” or “no” response.  
1. “Have you ever been told by your doctor that you have high blood pressure?” 
2. “Have you been diagnosed with diabetes?”  
3. “Do you avoid eating gluten?” 
4. “Have you been diagnosed with a food allergy or intolerance (not gluten)?” 
5. “Are you vegetarian or vegan?” 
4.4.2 Anthropometry  
Height  
Height was measured using a stadiometer (Wedderburn Portable Height Rod, WSHRP). The 
participant was asked to remove his shoes, any hair accessories or caps. If the participant was taller 
than the data collector, a set of steps was used to eliminate parallax. The participant was asked to 
stand with his heels together and toes pointing outwards; back of the head, shoulder blades, 
buttocks and heels in-contact with the stadiometer; head aligned in the Frankfurt horizontal plane. 
The height measurement was taken twice to the nearest 0.1 cm. The participant stepped away from 
the stadiometer and the procedure was repeated. Third measurement was taken when the difference 
of the first and second measurement was more than 0.5 cm. The average of the measurements taken 
was used.  
Weight  
Weight was measured using a scale (Seca Alpha 770). The participant was asked to remove any 
heavy clothing and accessories. The weight measurement was taken twice to the nearest 0.1 kg. 
The participant stepped away from the scale and the procedure was repeated. Third measurement 
was taken when the difference of the first and second measurement was more than 0.5 kg. The 
average of the measurements taken was used.  
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4.4.3 24-hour dietary recalls  
Two 24-hour dietary recall sessions were performed on two separate days to observe any dietary 
variations. The first 24-hour dietary recall was done in-person, whereas the second recall was done 
via phone or video call (Skype). However, for the participants living in Auckland, both 24-hour 
dietary recalls were only conducted via phone or video call as the country was in Alert Level 4. 
24-hour dietary recalls were undertaken using the multi-pass method, which comprised of four 















In the first stage, the data collector recorded the reported food items on a quick list. In the following 
stages, the information (time consumed, details of reported food items, amount consumed and 
leftovers/second helpings) were recorded on a detailed list. In the final stage, the data collector 
Figure 1 Stages of multi-pass method. 
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read the list back to the participant. A portion size box which included measurement aids 
(household measurement tools) and visual aids (pictures of different portion sizes) were used to 
estimate the portion sizes consumed. The website of New Zealand supermarket chain, Countdown 
(https://www.countdown.co.nz/) was used to assist the participant in recalling the specific brand 
name and package size of the reported food items. The protocol for performing 24-hour dietary 
recall is attached as Appendix G.  
4.5 DATA ENTRY  
4.5.1 Socio-demographic measures 
The anthropometric measurements taken from the school visits were entered into REDCap (Harris 
et al., 2019; Harris et al., 2009). Body mass index (BMI) was calculated using the average weight 
measurement in kilograms divided by the square of the average height measurement in metres. 
Participant’s weight status was determined based on BMI z-score, calculated using WHO growth 
chart and BMI- for-age [body weight (kg) ÷ height (m2)] (de Onis et al., 2007). The categorisation 
of BMI- for-age z-score was thinness (BMI z-score <-2 SD); healthy (BMI z-score ≥-2 SD and 
≤+1 SD); overweight (BMI z-score >+1 SD) and  obese (BMI z-score >+2 SD) (de Onis et al., 
2007). 
4.5.2 Dietary data  
Information collected from 24-hour dietary recalls were entered into FoodWorks 9 (Xyris Software 
Australia Pty Ltd) to estimate energy, macronutrients and micronutrients intake. The data in 
FoodWorks 9 were based on the updated food composition table for New Zealand (Foodfiles 2018; 
The New Zealand Institute for Plant & Food Research Limited). The recipes in the NZ ANS 08/09 
were also included by adding more commonly consumed food items into the database. If a food 
was not found in the database, a new recipe (if known) was created or a composite item in the 
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database was chosen as a substitution. The research team members reviewed the data entry into 
FoodWorks 9. Clarification was obtained from the data collectors if errors in data entry were 
identified.  
4.6 DIETARY ANALYSIS  
Information of added and free sugar was not available in FoodWorks 9. Hence, for the purpose of 
this thesis, the candidate generated two variables: assumed added sugar (sucrose) and natural sugar. 
The information of sucrose analysed in FoodWorks 9 was interpreted directly as assumed added 
sugar. Natural sugar was calculated by deducting assumed added sugar from total sugar. All food 
items were classified into 33 food groups as shown in Table 4-1.  
 
Table 4-1 Description of food groups 
Food groups  Examples of food items included  
Alcoholic beverages  Wine, beer, spirits, liqueurs and cocktails, ready-to-drink alcoholic sodas (RTDs), 
cider, sherry  
Beef and veal  All muscle meats (steak, mince, corned beef, roast, schnitzel etc), stews, stir-fries 
Biscuits  Sweet biscuit (plain, chocolate coated, fruit filled, cream filled), cracker  
Bread  Regular bread and rolls, flat bread, pita bread, tortillas (plain), pizza bases, bagels, 
English muffin, crumpets and sweet yeast buns  
Bread based dishes Sandwiches, filled rolls, hamburgers, hotdogs, pizza, tortillas, dim sums, nachos, doner 
kebabs, wontons, spring rolls, stuffing  
Breakfast cereals  All types (muesli, wheat biscuits, porridge, puffed/flaked/extruded cereals, French 
toast) 
Butter and margarine  Butter, margarine, butter/margarine blends, reduced-fat spreads   
Cakes and muffins  Plain (fruit, sponge cake), slices, cake type desserts (gateaux), sweet and savoury 
muffins, doughnuts and pastry  
Cheese  Cheddar, Edam, specialty (blue, brie, feta etc), ricotta, cream cheese, cottage cheese, 
processed cheese  
Dairy products  Cream, ice-cream, sour cream, yoghurt, dairy based dips   
Eggs and egg dishes  Poached, boiled, scrambled and fried eggs, omelettes, self-crusting quiches, egg stir-
fries 
Fats and oils  Canola, olive, sunflower and vegetable oils, dripping, lard  
Fish/seafood All fish (fresh, frozen, smoked, canned, battered, fingers etc), shellfish, squid, crab, 
dish/seafood dishes (pies, casseroles and fritters), fish/seafood products  
Fruit  All fruit (fresh, canned, stewed, frozen, dried)  
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Grains and pasta  Rice (boiled, fried, risotto, sushi, salad, products) flour, pasta/noodles, bran, cereal-
based products and dishes (pasta and sauce, lasagne, pasta salad, noodle soup, chow 
mien)  
Lamb/Mutton All muscle meats (chops, roast, mince etc), stews, stir-fries, curries  
Milk  All milk (cow, goat, soy, rice, flavoured), milkshakes, milk powder  
Non-alcoholic 
beverage 
Tea, coffee, hot drinks, fruit and vegetables juices, soft drinks, water, sport drinks, 
energy drinks, powdered drinks  
Nuts and seeds Peanuts, almonds, sesame seeds, peanut butter, chocolate/nut spreads, coconut 
(including milk and cream) nut-based dips 
Other meat  Venison, rabbit, goat, liver (lambs fry), pate (liver), haggis  
Pies and pasties  All pies including potato top, pasties, savouries, sausage rolls, quiche with pastry  
Pork All muscle meats (roast, chop, steak, schnitzel etc), bacon, ham, stews, stir-fries  
Potatoes, kumara and 
taro  
Mashed, boiled, baked potatoes and kumara, hot chips, crisps, hash browns, wedges, 
potato dishes (stuffed, scalloped potatoes), taro roots and stalks  
Poultry  All chicken, duck, turkey and muttonbird muscle meats and processed meat, stews, 
casseroles and stir-fries 
Puddings/desserts Milk puddings, cheesecake, fruit crumbles, mousse, steamed sponges, sweet pies, 
pavlova, meringues  
Sausages and processed 
meats  
Sausages, luncheon, frankfurters, saveloys/cheerios, salami, meatloaf and patties  
Savoury sauces and 
condiments  
Gravy, tomato and cream-based sauces, soy, tomato and other sauces, cheese sauces, 
mayonnaise, oil & vinegar dressings, chutney, marmite  
Snack foods  Corn chips, popcorn, extruded snacks (burger rings etc), grain crisps  
Snacks sweet  Muesli bars, wholemeal fruit bars, puffed cereal bars, nut and seed bars  
Soups and stocks  All instant and homemade soups (excluding noodle soups), stocks and stock powder  
Sugar/sweets  Sugar, syrup, lollies, chocolate and chocolate-based confectionary, sugar-based 
toppings, sauces and icings, ice blocks, jam, marmalade and honey, jellies  
Supplements providing 
energy  
Meal replacements, protein supplements (powders and bars) 
Vegetables  All vegetables (fresh, frozen, canned) including mixes, coleslaw, tomatoes, green 
salads, legumes and pulses, legume products and dishes (baked beans, hummus, tofu), 
vegetable dishes  
 
4.7 STATISTICAL ANALYSIS  
4.7.1 Sample size   
One hundred adolescent boys were needed to achieve a precision level of ±0.2 standard deviation. 
Assuming incomplete data and a small design effect (less than 1.5) from school clusters, 150 
adolescent boys were targeted to be enrolled in the study to allow dropouts.   
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4.7.2 Statistical methods  
Statistical analyses were undertaken using Stata 16 (Stata Corp, Texas) and Microsoft Excel. 
Dietary intake data were adjusted for usual intake using Multiple Source Method (MSM) (Harttig, 
Haubrock, Knuppel, & Boeing, 2011). MSM was used on participants with two days of dietary 
recall data. The information was then applied to the whole dataset to show an adjusted estimate of 
usual intake for each participant.  
The mean intake of glucose, sucrose, fructose and lactose was reported with 95% 
confidence intervals. Ninety-five percent confidence intervals was used to estimate the range of 
true values lying between the upper and lower confidence interval values (University of Otago and 
Ministry of Health, 2011b). Total sugar and sucrose intake from each of the 33 food groups was 
calculated for each participant. The top 10 food groups with the highest mean percentage for the 
boys were presented. In addition, sugar intakes were expressed as a proportion of total daily energy 
intake to allow comparison with recommended intake levels.  





















5. RESULTS  
The recruitment flow chart is shown in Figure 2. 135 adolescent boys were included in this study. 











Figure 2 Participant flow diagram 
Total number of potential boys in 6 
recruited schools  
n = 1664  
Potential boys attended the recruitment 
and signed up for the study 
n = 334 
Potential boys attended the recruitment 
and did not sign up for the study  
n = 1330  
Consented participants  
n = 146 
Incomplete consent (n = 188) 
- Did not give consent (n = 101) 
- No parental consent (n = 76) 
- Did not complete enrollment (n = 10) 
- 19 years old and excluded (n = 1) 
Participants analysed  
n = 135 
Excluded participants  
n = 11 (did not complete questionnaires or 
24-hour dietary recalls)  
Completed online questionnaires 
(n = 128)  
- Demographic and health  
(n= 128)  
- Dietary habits (n= 122)  
Completed first 24-hour 
dietary recall (n = 102)  
- Completed second 24-
hour dietary recall (n 
=72) 
Completed anthropometric 
measurements (n = 109)  
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5.1 CHARACTERISTICS OF PARTICIPANTS  
The characteristics of study population, adolescent boys aged between 15 and 18-year-old is shown 
in Table 5-1. The mean age (SD) of this study group was 17.0 (0.71) years, with most self-
identifying as New Zealand European.  
 
Table 5-1 Characteristics of adolescent boys recruited in the SuNDiAL study by age, ethnicity, school decile and BMI 
z-score (n= 135) 
Characteristics  Total population (n)  N (%) 
Age  135  
15  20 (14.8) 
16   71 (52.6) 
17  44 (32.6) 
18  0 (0.0) 
Ethnicity  135  
NZEO  73 (54.1) 
Maori  12 (8.9) 
Pacific   3 (2.2) 
Asian   41 (30.4) 
Not reported   6 (4.4) 
NZDep  135  
Low (1-3)  46 (34.1) 
Medium (4-7)  54 (40.0) 
High (8-10)  29 (21.5) 
Not reported  6 (4.4) 
Weight statusa 109  
Thinness   1 (0.9) 
Normal    73 (67.0) 
Overweight  29 (26.6) 
Obese  6 (5.5) 
 
N= sample size, NZEO= New Zealand European and Others (all other ethnicities mainly Latin American and African), NZDep = 
New Zealand Index of Deprivation 
 









5.2 DIETARY SUGAR INTAKES  
Table 5-2 presents sugar intakes of adolescent boys and the percentages of sugar contributing to 
total sugar intake.  
Table 5-2 Sugar intakes in adolescent boys by sugar category (mean (95% CI), median (25th, 75th percentile)) and 
the percentage of sugars contributing to total sugar intake  
Type of 
sugar 
Mean intake of sugar 
consumed (g/d) (95% CI) 
Median intake of sugar 
consumed (g/d) (25th, 
75th percentile)   
Percentage of sugar contributing to 
total sugar intake (%) 
Glucose 16 (14.4, 17.6) 16 (10, 20) 16 
Fructose 18 (16.3, 19.7) 17 (12, 22) 18 
Sucrose 44 (39.7, 48.3) 41 (27, 54) 44 
Lactose 16 (13.9, 18.1) 14 (8, 20) 16 
 
g/d= gram/day, CI= confidence interval  
 
Table 5-3 presents the mean percentage of energy derived from total sugar, natural sugar and 
assumed added sugar contributing to daily energy requirement.    
Table 5-3 Sugar consumption categorised by total, natural and assumed added sugar as a percentage of average daily 
energy intake 
 
a Natural sugar is calculated by deducting the amount of assumed added sugar from total sugar as discussed in Section 4.6 of 
methods.   










Sugar Percentage of energy derived from sugar contributing to average daily 
energy intake (%) 
Total sugar 16.8 
Natural sugara 9.3 
Assumed added sugarb 7.5 
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5.3 FOOD SOURCES OF DIETARY SUGAR  
Figure 3 shows the top 10 food sources contributing to assumed added sugar (sucrose) and total 






Figure 3 Top ten food sources contributing to assumed added sugar (sucrose) and total sugar intakes in adolescent 
boys as percentage of sugar intake 
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5.4 DIETARY SUGAR INTAKES COMPARED WITH 
RECOMMENDATIONS  
The majority of adolescent boys enrolled in the present study met the recommendation by USDA 
of consuming less than 10% of total daily energy intake from added sugar. All of them adhered 
to IOM’s guideline of consuming less than 25% of daily energy intake from added sugar. Based 
on WHO’s conditional recommendation, only 3.9% (n=4) of boys consumed less than 5% of their 
total energy intake from free sugar. 
Compared to NZ ANS 08/09, there are changes in added sugar intake in adolescent boys 
(Table 5-4). The percentage (n=3.9%) of boys meeting the guidelines by WHO is lower in this 
study. Conversely, there is an increase in proportion of adolescent boys adhered to USDA’s 
recommendations of consuming less than 10% of total daily energy intake from added sugar.   
 
Table 5-4 Percentages of adolescent boys following the guidelines by WHO, USDA and IOM during SuNDiAL 
study and NZ ANS 08/09 
Organisation Percentage of boys meeting the guidelines (%) 
SuNDiAL 2020 Kibblewhite et al., 2017 b 
World Health Organization (WHO), 2015 
 
< 5% of total energy intake from free sugar 
(conditional recommendation) a 
3.9 8.5 
U.S. Department of Health and Human 
Services and U.S. Department of 
Agriculture, 2015 
 
< 10% of total energy intake from added sugar 
99.0 40.8  
 
 
Institute of Medicine, 2005 
 
≤ 25% of total daily energy intake from added sugar 
100.0 Not reported 
aProportion of adolescent boys following the guidelines is reported based on assumed added sugar intake. 
bData obtained from the New Zealand Adult Nutrition Survey (NZ ANS) 08/09 was reanalysed in the study to estimate added and 




6. DISCUSSION  
Intakes of glucose, fructose, sucrose and lactose, for NZ adolescent boys, were individual dietary 
sugars investigated in this study. Among all sugars, sucrose intake contributed almost half (44%) 
of the amount of total sugar intake. The mean (95% CI) intakes of total and assumed added sugar 
were 100 (92, 108) g/d and 44 (39.7, 48.3) g/d respectively. The mean percentages of energy intake 
from total and assumed added sugar were 16.8% and 7.5% respectively. There were similarities 
between food groups contributing to the intake of total and assumed added sugar. Those were fruit; 
non-alcoholic beverages; sugar/sweets; cakes and muffins; biscuits; dairy products and breakfast 
cereals. 
An Added Sugar variable was unavailable in FoodFiles 2018 database. Sucrose data 
analysed in FoodWorks were interpreted as assumed added sugar. It should be noted that this will 
be an overestimation of actual added sugar intake, as assumed added sugar also includes sucrose 
naturally present in fruit and vegetables (Cummings & Stephen, 2007). For NZ population, it is 
estimated that approximately 15% of sucrose was naturally occurring in fruit and vegetables 
(Parnell et al., 2008; University of Otago and Ministry of Health, 2011a). The hypothesis is 
supported by a study conducted in Germany by assessing the proportion of sucrose consumption 
in the food groups (Linseisen, Gedrich, Karg, & Wolfram, 1998). The amount of naturally 
occurring sucrose consumed by Germans was not more than 15-25% (Linseisen et al., 1998). 
However, the 15% estimation was not applied in the present study as the sucrose content varies in 
fruit (Ma, Sun, Chen, Zhang, & Zhu, 2014; University of Otago and Ministry of Health, 2011a), 
depending on the stage of maturity and the cultivars (Sturm, Koron, & Stampar, 2003). Another 
assumption will be needed on top of the assumed added sugar variable, which further complicates 
the data presentation.  
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Based on a review of the literature, the range of added sugar intake among adolescent boys 
was between 50.5 g/d and 100.0 g/d (B. Amoutzopoulos et al., 2020; Bowman SA et al., 2019; 
Kibblewhite et al., 2017; Sluik et al., 2016). In New Zealand, sucrose intake was used as a surrogate 
measure to estimate added sugar intake (Kibblewhite et al., 2017; Parnell et al., 2008). In the New 
Zealand Adult Nutrition Survey (NZ ANS) 08/09, the mean sucrose intake in adolescent boys was 
71.8 g (University of Otago and Ministry of Health, 2011a). Reanalysed data from the NZ ANS 
08/09 using the 10-step systematic method proposed by (J. C. Y. Louie et al., 2015), the median 
added sugar intake among adolescent boys was 73.3 g/d (Kibblewhite et al., 2017).  
Random sampling methods were applied in the nationally representative surveys (UK, US 
and NZ) by using census information, followed by selecting a household member within occupied 
dwellings in the meshblocks (Chen TC, 2020; Public Health England, 2018; University of Otago 
and Ministry of Health, 2011b). It is difficult to make a direct comparison of added sugar/sucrose 
intake between those surveys and the current study due to varied sampling methods. The present 
study also does not demographically represent the NZ adolescent boy population. In addition, 
different dietary analysis methods were used to estimate the added sugar intake in the study by 
Kibblewhite et al., 2017, inviting another challenges in comparing the data. Despite, a downward 
trend was identified in the current study, which may suggest a reduced added sugar intake in this 
population.  
In terms of food sources, non-alcoholic beverages were ranked as the top food source of 
added sugar in adolescents residing in the United States (Bowman SA et al., 2019), the United 
Kingdom (B. Amoutzopoulos et al., 2020) and the Netherlands (Sluik et al., 2016). In NZ ANS 
08/09, non-alcoholic beverages contributed the greatest amount (30.8%) of sucrose intake in 
adolescent boys (University of Otago and Ministry of Health, 2011a). In the present study, the 
percentage of sucrose intake from non-alcoholic beverages was 17.4%. Again, while not 
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comparable, this may imply a decline in non-alcoholic beverages consumption in adolescent boys 
since the NZ ANS 08/09. The reduction was also observed in the United States and the United 
Kingdom, which may be due to an actual reduction of SSBs intake in the boys (Marriott, Hunt, 
Malek, & Newman, 2019) or product reformulation by food companies (Public Health England, 
2017). Nevertheless, it is unclear if the reduced intake of non-alcoholic beverages in NZ was caused 
by a similar trend observed in other countries.  
Compared to NZ ANS 08/09, the percentages of sucrose intake from biscuits, cakes and 
muffins have doubled in the present study. The presence of fat and sugar in those foods which 
makes them more palatable (Ambrosini, Johns, Northstone, Emmett, & Jebb, 2016), promoting the 
appetite and consumption (Montmayeur & Le Coutre, 2010).  
Breakfast cereals were another food source of added sugar reported in the literature and this 
study. High added sugar in breakfast cereals has been a concern, particularly cereals that targeted 
on children (Pombo-Rodrigues, Hashem, He, & MacGregor, 2017; Tong, Rangan, & Gemming, 
2018). Other than additional sugar intake from sugary breakfast cereals consumption, in the UK, 
children ate a greater amount of sugary cereals per eating occasion compared to low sugar cereals 
(Pombo-Rodrigues et al., 2017). Inversely, when low sugar cereals are given, consumers may add 
more table sugar due to their innate sweet preference and habitual sugars intake (Pombo-Rodrigues 
et al., 2017). Hence, in this study, it is not unexpected that breakfast cereals would be the next 
contributor of assumed added sugar intake after sugar/sweets and sweet baked goods.   
Fructose was one of the individual sugars assessed in this study. Fructose exists naturally in 
fruit or as a part of high fructose corn syrup (HFCS) (Vos, Kimmons, Gillespie, Welsh, & Blanck, 
2008). High fructose intake is often associated with increased plasma triglycerides, insulin 
resistance and hyperuricaemia (Tappy & Le, 2010; Vos et al., 2008). The evidence is, however, 
inconclusive in human studies with realistic fructose consumption (Rizkalla, 2010). In US, HFCS 
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is commonly used as a sweetener in food and beverages, primarily soft drinks (Bray, Nielsen, & 
Popkin, 2004; Elliott, Keim, Stern, Teff, & Havel, 2002). In NZ, sucrose is used as the main 
sweetener in locally manufactured beverages, while HFCS is found in imported products (Batt et 
al., 2014).  
The mean intake of fructose in US adolescents aged 12-18 years old was 72.8 g, with 45% 
of fructose from non-alcoholic beverages (Vos et al., 2008). The mean fructose intake among 
adolescent boys reported in the NZ ANS 08/09 was 26.1 g, with 32% of fructose from non-
alcoholic beverages, followed by fruit (20.8%) (University of Otago and Ministry of Health, 2011a). 
The mean (95% CI) fructose intake in the present study was 18 (16.3, 19.7) g/d. Fruit was reported 
as the major food source of fructose which was made up of 31% of total fructose intake, followed 
by 18.5% from non-alcoholic beverages. Compared to NZ ANS 08/09, the contribution of fructose 
from fruit in the present study is higher, while the contribution from non-alcoholic beverages is 
lower (University of Otago and Ministry of Health, 2011a).  
Lactose is an indicator of dairy intake (The New Zealand Institute for Plant and Food 
Research Limited and Ministry of Health, 2019). The mean (95% CI) intake of lactose in this study 
was 16 (13.9, 18.1) g/d, with 56% of lactose from milk consumption. There was approximately an 
11% increase in the percentage of lactose from milk compared to NZ ANS 08/09 (University of 
Otago and Ministry of Health, 2011a), which may indicate growing preference in dairy products 
among adolescent boys. The implementation of the ‘Fonterra Milk for Schools’ programme in 
primary schools across NZ may instill adolescent boys’ habit of consuming dairy products since 
they were young (Fonterra, 2011). This may also be attributed by the execution of ‘water-only 
school’ health policy which allows only water and plain reduced fat milk available at schools across 
NZ (MidCentral District Health Board).  
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Overall, when assessing sugar intakes based on dietary recommendations, we are unable to 
evaluate assumed added sugar intake against NZ’s non-quantifiable dietary guidelines. There is 
also an absence of questions on adolescent boys’ understanding of added sugar and their skills in 
identifying added sugar on nutrition labels, which can be used as a proxy to measure added sugar 
intake. Hence, assumed added sugar intake in the present study was compared with the 
recommendations by USDA, IOM and WHO. It should be noted that assumed added sugar was 
used in-place of free sugar to compare with WHO’s conditional recommendation of <5% of daily 
energy intake from free sugar (World Health Organization (WHO), 2015). Free sugar includes 
sugar from fruit juice and honey in addition to added sugar (World Health Organization (WHO), 
2015). Whereas in the present study, the sucrose value includes naturally occurring sucrose from 
fruit and vegetables in addition to the free sugar as defined by WHO (World Health Organization 
(WHO), 2015). By accounting the intrinsic sugars present in fruit and vegetables, using the 
assumed added sugar value may overestimate the actual added sugar and free sugar intake in the 
study population. This leads to a cautious interpretation of the proportion of boys meeting the 
dietary guidelines. 
 In this study, 99% of the boys met the USDA’s recommendation of having less than 10% of 
daily energy intake from added sugar (U.S. Department of Health and Human Services and U.S. 
Department of Agriculture, 2015). All boys met the IOM guidelines of having ≤ 25% of daily 
energy intake from added sugar (Institute of Medicine, 2005). Less than 5% of the boys met the 
WHO’s conditional recommendation. Nonetheless, it has been suggested that a diet following the 
WHO’s conditional recommendation is too restrictive and unsustainable, leading to reduced eating 
pleasure (Erickson & Slavin, 2015).  
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6.1 STRENGTHS AND LIMITATIONS 
Several strengths and limitations of this study should be considered when interpreting the results. 
The use of repeated 24-hour dietary recalls in 73.5% of adolescent boys allows an analysis of 
dietary variation between days by MSM (Harttig et al., 2011). In addition, the second 24-hour 
dietary recalls were completed at home, allowing participants to access to the food that they ate or 
drank. This enabled participants to easily recall the brand, recipe and the portion size of packaged 
food which increased accuracy. Questions on the frequency of consuming different types of food 
were posted on the questionnaire. This allowed the research team to cross-check the information 
reported on the 24-hour dietary recalls.  
 One of the limitations is the absence of added sugar data in FoodFiles 2018. In this thesis, 
sucrose was used as a surrogate measure of added sugar intake. This method may overestimate the 
added sugar intake in the study population as it includes naturally occurring sugar from fruit and 
vegetables in addition to added sugar (Cummings & Stephen, 2007). Although about 15% of 
sucrose intake was speculated as naturally occurring, varied sucrose content in food invites a 
challenge in interpreting the actual intake of added sugar in the study population.  
The ongoing reformulation and updates on food products by the manufacturers may change 
the added sugar content in food (Public Health England, 2017). The information in FoodFiles 2018 
used in this research may be outdated, thus, over- or underestimating the amount of added sugar 
intake in adolescent boys. Due to COVID-19 pandemic, some of the first dietary recalls were done 
via phone call. Participants may not be able to visualise the portion sizes correctly. They may also 
change their usual dietary intake due to lockdown.  
6.2 CONCLUSION 
In conclusion, this study provides information on current dietary sugar intakes in NZ adolescent 
boys. Compared with NZ ANS 08/09, there appears to be a reduction and a shift of food sources 
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in total and added sugar (sucrose) consumption. A large proportion of boys have <10% of energy 
intake from added sugar. It may be more applicable to emphasize on the food sources of added 
sugar rather than the intake in adolescent boys.   
Although there is a possibility of reduced intake of dietary sugar in adolescent boys, 
nationwide studies which represent a wider range of ethnicities, different status of school deciles 
and socioeconomic status within NZ population will be beneficial for comparison with this study. 
The ongoing shifts in dietary pattern and product reformulation also encourage further research to 
be done. The inclusion of added sugar as a variable in New Zealand FoodFiles would also provide 
a more robust estimate of added sugar intakes in adolescent boys. A survey of adolescent attitudes 
to added sugar could help clarify shifts in consumer purchasing. This will be beneficial for public 
health specialists and healthcare workers to understand the current trend of sugar intakes in 

























7. APPLICATION OF RESEARCH TO DIETETIC 
PRACTICE  
Part A: Applicability and relevance to dietetic practice  
Evidence based research is important to form dietary guidelines which are used in dietetic practice. 
Compared with NZ ANS 08/09, the finding suggested a reduction of dietary sugar (total sugar, 
sucrose and fructose) in adolescent boys. Although the results in this thesis must be interpreted 
with cautions, this may indicate a progressive success of nutritional interventions in reducing added 
sugar intake. On the other hand, the food sources contributing to added sugar intake in this study 
should be highlighted. The proportion of sucrose from biscuits, cakes and muffins in the current 
study has increased since NZ ANS 08/09, which is alarming to dietitians and public health experts. 
The combination of fat and sugar in those foods encourages consumption, which may promote 
excess weight gain among adolescent boys (Ambrosini et al., 2016).  
In the current obesogenic environment, sugar is commonly found in everyday food. Foods 
containing added sugar are usually energy dense and discretionary, making them unnecessary in 
adolescents’ diet. Yet, over-consuming food with added sugar invites negative health outcomes 
such as increased body weight (Vasanti S. Malik et al., 2013; Te Morenga et al., 2013), dental 
health problems (P. J. Moynihan & Kelly, 2014) and increased cardiometabolic risks (Welsh, 
Sharma, Cunningham, & Vos, 2011). Those health complications are of concern for dietitians and 
public health experts. This is because poor dietary habits developed in adolescence will progress 
into adulthood (Mikkilä, Räsänen, Raitakari, Pietinen, & Viikari, 2005), leading to a range of 
comorbidities. Therefore, dietitians have a role in education on food sources of added sugar such 
as observing front-of-pack nutrition labelling (traffic light system, health star ratings) (Temple, 
2020) or reading nutritional information before purchasing packaged foods (Moore, Donnelly, 
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Jones, & Cade, 2018). The nutrition education of young people should be initiated as early as 
possible.  
 On the other hand, the results of this study will not only provide current dietary sugar intake 
to nationwide statistics, but also give insights on current trends of dietary sugar consumption in 
adolescent boys. This information will be useful when working with adolescent boys in various 
dietetic settings. However, the results of this study should be inferred cautiously as sucrose was 
interpreted as assumed added sugar to measure added sugar intake in adolescent boys. This 
warrants further research assessing adolescent boys’ added sugar intake at a nationally 
representative level to extend the results of this study.  
 
Part B: What has this research meant for you?  
While I prefer structured working style, this research has taught me to be flexible in my schedule. 
I have learnt to acknowledge that things do not always go as planned where I have to accommodate 
my schedule to the changes. Working with others also relies on external factors where flexibility 
is the key. Secondly, doing research has taught me in developing my critical thinking and 
communication skills. Discussion with peers and my supervisor has made me explore different 
approaches to a topic. The communication skills learnt in this research are applicable for me to 
communicate with clients or patients of different ages and background in my future dietetic practice. 
Other skills that I have gained from this research are attention to details, collaboration with others 
and ongoing competence development skills. Data collection and analysis process has taught me 
to be neutral and attentive in doing dietary recall interviews, documenting and interpreting data. I 
have learnt to work collaboratively with my teammates during data collection. Lastly, reviewing 
literature and keeping myself updated on the latest nutritional recommendations are ongoing 
competencies as a future dietitian.    
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